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Abstract. The use of fossil energy has caused air pollution, energy crises, and it is not 
environmentally friendly. So, that is necessary to find alternative energy from biomass materials. 
Indonesia has the potential of developing alternative energy with a huge natural resource. 
Examples of mass bio energy developed such as: Jatropha oil, Palm, and Nyamplung 
(Calophyllum inophyllum L). This research using Nyamplung to produce Biodiesel.  In the 
beginning, Nyamplung beans will be blended and pressed, then filtered to produce crude oil. 
Further process is done to separate the sap with oil. The oil contains still high free fatty acid, then 
the esterification process to reduce up to less than 2% of free fatty acid. Furthermore, the 
transesterification process with the reaction of the base catalyst using NaOH variations. In this 
process is rotated with variations of time to observe in order to obtain optimal diesel oil. And last 
performed physical parameters such as: Viscocity, and calorie content as well as the chemical 
compounds contained in biodiesel are suitably the international standard  and those are safe for 
use in the machine. The result of viscosity measurement obtained was 3.219 Ns/m
2
 for stirring 
time at 2 hours in transesterfication process, and viscosity value was 4.7 Ns/m
2
 for 1% NaOH 
Catalyst vasiation. The results are optimal value in accordance with International standard for 
biodiesel production. And measurement of calorie value was 8,556 Cal/gr at 1% NaOH  catalyst 
concentration.  
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1. INTRODUCTION 
The use of alternative energy is an activity to find the energy that is a human need due to 
energy crisis from excessive use of petroleum energy. Several researches on renewable energy 
have been done in energy sources such as wind, water, solar cell and biomass, including bio gas 
from animal waste and biodiesel oil from jatropha, palm oil [1], Algal Biodiesel [2] and from 
Nyamplung (Calophylum inophyllum L) Or Alexandrian laurel plants balltree
2
. The use of 
nyamplung oil has considerable potential because it is environmentally friendly and could be 
used as motor vehicle fuel or in industry. The bioenergy is intended to reduce the emission of 
smoke and particles  such as carbon, nitrogen, and sulfur of air pollution, producing high cetane 
rates compared with the use of diesel oil.  
Previous research was conducted to produce biodiesel from nyamplug material through 
Esterfication and transesterification process (ESTRANS).[3] Several studies have been 
developed using catalyst and temperature variation in transesterification process in order to 
obtain optimum biodiesel oil. The physical properties of biodiesel have been studied to estimate 
the density values of the standard biodiesel. This study is continued by measuring the viscosity 
and calorific values of Nyamplung oil with variation of stirring time using Na-OH. There were 
compared with KOH and MgOH catalysts to calculate viscocity and calorific value according to 
international standard. Thus, the biodiesel oil produced can be used in diesel engines as well as 
as a source of electrical energy in the industry. The calorific value of biodiesel obtained is 
compared with the calorific of diesel oil from fossil. 
 
 
2. MATERIAL AND METHOD 
The equipment used in this research is hydraulic press tool,  blender, oven, digital scales, 
bottle, three-neck flask, erlenmeyer, aluminum cup, pumpkin, dropper, buret, magnetic stirrer, 
stand-up cooler, water heater, hot plate stirrer, thermometer, picnometer, Ostwald viscosimeter. 
The raw materials of Nyamplung seed (Calophylum Inophyllum L) in the research were 
originated from Enrekang Regency South Sulawesi Province. The chemicals used include 
methanol, ethanol (C2H5OH), hydrochloric acid (HCl), sodium hydroxide (NaOH), phosphoric 
acid (H3PO4), NaHCO3 And CH3COOH. 
Nyamplung oil as biodiesel can be produced as follows: Nyamplung seeds are dried to 
reduce water content to below 2%. Pressing using hydraulic press and filtered to produce crude 
oil. This oil product contains a lot of saturated fatty acid, so it is not feasible to be used as 
biodiesel because it contains 9.7-15% resin acid. Oleic acid (30-50%), palmitoleic acid (0.5-1%), 
and linoleic acid (25-40%). While the fatty acid content is not saturated only slightly such as 
stearic acid (8-16%) and palmitic acid (15-17%). To reduce the saturated fatty acid content is 
done by Esterification process such as the following stages:[4] 
2.1 Esterification Process  
The Esterification process is a reaction between molecules with free fatty acids to form 
methyl esters using acid catalysts. The acid catalyst used is hydrochloric acid (HCl). The 
esterification reaction not only converts free fatty acids to methyl esters but also becomes 
triglycerides, even at lower velocities compared to alkali catalysts. The Esterification process is 
carried out by weighing 400 ml of crude oil to be reacted with methanol, with a mole ratio of 1: 
20 then add 10%, of HCl catalyst at 600
o
C of temperature, and stirring of 480 rpm for 1 hour. 
The methyl esters formed then calculated the weight of the oil and the content of saturated fatty 
acids or Free Fatty Acid (FFA) to below 2% by standard, to reduce the saponification that can 
corrode in diesel engines. If the FFA value is still greater than 2%, so the esterification process is 
continued to second stages.[5] 
2.2 Transesterfication Process. 
 Trans-esterification process is a reaction between triglycerides by forming fatty acid 
methyl ester and glycerol. This require alcohol to speed up the reaction of the formation of 
methyl esters. The reaction is influenced by internal and  external factors. The internal factors are 
conditions derived from oils, such as water content, and free fatty acids. While external factors 
are conditions that are not derived from oils such as  temperature,  time of stirring speed, molar 
ratio of methanol, and type of catalyst. The catalyst determination is an important factor in 
transesterification, since the reaction conditions and the quality of the methyl esters depend on 
the catalyst used.[6]  
 A total of 300 ml of nyamplung oil from the esterification process is stored into a double-
mouth flask, then mixed with methanol at a 6: 1 mole ratio. Subsequently, methanol is dissolved 
in 0.5% NaOH by installing a condenser to condense the methanol vapor to reenter it into 
Erlenmeyer. The reaction is conducted at a temperature of 60° C with stirring 300 rpm for 1, 2 
and 3 hours. After the transesterification process is complete, the mixture is inserted in a 
separating funnel, then deposited for 10 hours, so that glycerol will settle on the bottom of the 
separating funnel so it is easy to be separated. Biodiesel that is formed is then washed with hot 
water until pH neutral and dried by heating at a temperature of 80
o
 C with vacuum for 15 
minutes.. Further measurements of viscosity and heating value as follows [7] 
 
2.2 Viscosity and Calory Measurement 
  Viscosity is the intrinsic nature of fluid that shows fluid resistance to its flow. As a 
result of friction on the part of the liquid that moves from one place to another, it will affect the 
fuel by injection to the combustion chamber. So that will form the deposition on the machine. 
High viscosity or fluid is still more viscous will result in slower flow rate. Thus the fuel process 
will be late in the combustion chamber.
5
 To overcome this conditioan, it is needs to be a 
chemical process that is transesterification  to reduce the viscosity value of this fuel, and  to close 
the the viscosity of diesel. The viscosity of a fluid could be measured with the Ostwald 
Viscometer and filled of 5 ml samples. It then measured the time required by the sample to pass 
the distance between the two marks on the viscometer. The dynamic viscosity value is converted 
to kinematic viscosity. The equation for determining kinematic viscosity can be written in the 
following equation.[8] 
𝜂𝑐 =
𝜌𝑐 .𝑡𝑐
𝜌𝑎 .𝑡𝑎
𝑥 𝜂𝑎   (1) 
where  𝜂𝑐 : Viscosity of measured biodiesel.   𝜌𝑐  : density biodiesel (kg/m
3
) 
𝜂𝑎    : Viscocity Constants for solvent is 7,96 x 10
-4
,   𝜌𝑎  : density of solvent (kg/m
3
 
 𝑡𝑐     : The time flow rate Biodiesel solution (s)             𝑡𝑎   :  time flow rate for solvent(s) 
 
Further measurement of the calorific value is the amount of heat content in biodiesel per 
unit of mol or weight. The power generated by diesel engines is higher than that of biodiesel, 
because  the diesel has a higher heat at about 10,800 cal / gr. The oxygen chemical bond in 
biodiesel decreases its calorific value by 10%. However, there is no specific standard set by 
national standard for measuring the calorific value of fuel 
Measurements were performed with a calorimeter bomb and can be calculated by the 
equation:[9]
 
𝐶𝑘 =
(T end −T initial
𝑚𝑎𝑠𝑠  𝑜𝑓  𝑠𝑜𝑙𝑢𝑡𝑖𝑜𝑛
 𝑥 𝐶𝑎                   (2) 
Where: Ck : Calorie Value (kcal),                       Ca : coefficient value of bom calorimeter is 2458.   
             Tinitial : The initial Temperature (
o
C), and  Tend : The end of temperature (
o
C) 
3. RESULT AND DISCUSSION 
 
Biodiesel produced from nyamplung oil which processes through esterification and 
transesterification. Furthermore, physical measurements such as viscosity and calorific value are 
measured. To obtain optimum result, in transesterification process, the research was conducted 
with rotation or stirring for 1, 2, and 3 hours of each biodiesel sample, using NaOH catalyst as 
solvent to obtain standard biodiesel oil. The biodiesel measured the viscosity value by using the 
Ostwald viscosimeter. 
Table 1. Measurement of physical parameters of Nyamplung oil as biodiesel   
No Parameters 
Time Variations of Stiring in Transesterification 
Process 
1 hour 2 hour 3 hour Aquades 
1 Mass (gr) 7,28 7,1 6,4 7,2 
2 Volume (ml) 9,4 9 8,6 10 
3 Time (s) 3.014 3.104 3.004 0.84 
4 Density (kg/m
3
) 744 788 744 720 
  Viscosity value can be estimated by using equation 1 of above. The calculation uses  
measurement data in Table 1. Result of calculation of viscosity value is shown in Figure 1a 
below. It was illustrate the relationship between the viscosity value and the time variation in 
stirring during the transesterification process. The result shows the highest viscosity value 
obtained at 3,219 Ns / m2 at 2 hours of stirring process. 
Further, Fig. (1b) shows the viscosity values obtained using the NaOH catalyst concentration 
variation from 0.5 - 2%. The highest viscosity was obtained at at 4.7 Ns/m
2
 of  NaOH 
concentration of 1%, and at 2% concentration decreased by 2.8 Ns / m
2
. Based on the picture 
(1b) it appears that the biodiesel viscosity value ranged from 2.8-4.7 Ns / m
2
 has fulfilled 
standard that is around 2.3 - 6.0 Ns/m
2
. 
Viscosity Values
  
Figure 1a. Viscosity values vs. Time variations of 
stirring in   transesterification process. 
 
Figure 1b. Viscosity Values vs. NaOH Catalyst 
Variations (%). 
 
Then calculate the calorific value using equation 2 of above. The heating value is 
obtained by burning biodiesel in the calorimeter measured in the initial and final temperature. 
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And calculate the calorific value generated in each sample. The heating value can be shown in 
Figure 2a with the NaOH catalyst variation obtained by the highest heating value of 8.556 Cal / 
gr at the catalyst concentration of 1% NaOH and the lowest calory is obtained by 6.876 Cal / gr 
in 2% NaOH catalyst consentration. When it  is compared by the calorific values that was  
obtained by using several catalysts such as NaOH, KOH, and MgOH at a concentration of 1% as 
shown in Fig. 2b. We have obtained the highest calories value of NaOH catalysts of 8,700 Cal / 
g. The resulting calorific value has not accordance with the international standard of over 9000 
Cal / gr. Thus the use of biodiesel obtained should be mixed with diesel from fossil oil if used in 
diesel engine. 
 
Figure 2a. Calories Value Vs. Variation of NaOH  
Catalyst 
 
Figure 2b. Calorie values Vs. Catalyst Variations (%) 
 
4. CONCLUSION 
This research was measured the viscosity and calorie values of biodiesel from 
Nyamplung oil.  The process was done by time variation in the transesterification process using 
catalyst variation to obtain the optimum biodiesel oil. The estimation of viscosity measurement 
obtained was 3.219 Ns/m
2
 for stirring time of 2 hours in transesterfication process. So the 
viscosity value was 4.7 Ns/m
2
 for 1% of NaOH Catalyst. This result is optimal value obtained in 
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accordance with International standard for biodiesel production.  Furthermore, the  measurement 
of calorie value was 8,556 Cal/gr at  NaOH at 1%  of catalyst concentration, this result is less 
than the standard. In this case  the use of biodiesel obtained should be mixed with diesel from 
fossil oil for using in diesel engine. 
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